Please cite this article as: Mafu, L.D., Neomagus, H.W.J., Everson, R.C., Strydom, C.A., Carrier, M., Okolo, G.N., Bunt, J.R., Chemical and structural characterization of char development during lignocellulosic biomass pyrolysis, Bioresource Technology (2017), doi: http://dx.Abstract 13 The chemical and structural changes of three lignocellulosic biomass samples during 14 pyrolysis were investigated using both conventional and advanced characterization 15 techniques. The use of ATR-FTIR as a characterization tool is extended by the proposal of a 16 method to determine aromaticity, the calculation of both CH 2 /CH 3 ratio and the degree of 17 aromatic ring condensation ((R/C) u ). With increasing temperature, the H/C and O/C ratios, 18 X A and CH 2 /CH 3 ratio decreased, while (R/C) u and aromaticity increased. The micropore 19 network developed with increasing temperature, until the coalescence of pores at 1100 °C, 20 which can be linked to increasing carbon densification, extent of aromatization and/or 21 graphitization of the biomass chars. WAXRD-CFA measurements indicated the gradual 22 formation of nearly parallel basic structural units with increasing carbonization temperature. 23 The char development can be considered to occur in two steps: elimination of aliphatic 24 compounds at low temperatures, and hydrogen abstraction and aromatic ring condensation at 25 high temperatures.
Introduction
0 °C at a relative pressure range: 0 < P/P 0 ≤ 0.032: where P is the analysis pressure and P 0 is 138 the saturation vapour pressure of CO 2 . The Dubinin-Radushkevich (D-R) and Horvath-139 Kawazoe (H-K) models were used to obtain the micropore surface area, maximum pore 140 volume and median pore width (Okolo et al., 2015) .
141
From ATR-FTIR spectroscopy, the sum of aromatic functional groups and the sum of were assigned to the amount of amorphous carbon (S A ) and crystalline carbon (S C ), 6 interlayer spacing (d 002 ) and average number of aromatic layers per carbon crystallite (N ave ) 160 were calculated (Everson et al., 2013; Okolo et al., 2015) . 
297
The extracted characteristics of biomass and subsequent chars were correlated with their H/C 298 ratios as presented in Figure 3 (ac). Inverse linear correlations were observed between the 299 H/C ratios and the aromaticity (Figure 3(a) ), and the degree of aromatic ring condensation,
300
(R/C) u , of the chars as shown in Figure 3 
